Vacuole membrane protein 1, autophagy and much more by Calvo-Garrido, Javier et al.
©2
00
8 
La
nd
es
 B
io
sc
ie
nc
e.
 D
o 
no
t d
ist
rib
ut
e.
Vacuole membrane protein 1 (Vmp1) is a putative transmem-
brane protein that has been associated with different functions 
including autophagy, cell adhesion, and membrane traffic. Highly 
similar proteins are present in lower eukaryotes and plants although 
a homologue is absent in the fungi lineage. We have recently 
described the first loss-of-function mutation for a Vmp1 homo-
logue in a model system, Dictyostelium discoideum. Our results give 
a more comprehensive view of the intricate roles played by this new 
gene. Dictyostelium Vmp1 is an endoplasmic reticulum-resident 
protein. Cells deficient in Vmp1 display pleiotropic defects in 
the context of the secretory pathway such as organelle biogenesis, 
the endocytic pathway, and protein secretion.  The biogenesis of 
the contractile vacuole, an organelle necessary to survive under 
hypoosmotic conditions, is compromised as well as the structure of 
the endoplasmic reticulum and the Golgi apparatus. Transmission 
electron microscopy also shows abnormal accumulation of aberrant 
double-membrane vesicles, suggesting a defect in autophagosome 
biogenesis or maturation. The expression of a mammalian Vmp1 in 
the Dictyostelium mutant complements the phenotype suggesting 
a functional conservation during evolution. We are taking the first 
steps in understanding the function of this fascinating protein and 
recent studies have brought us more questions than answers about 
its basic function and its role in human pathology. 
Vmp1, a Membrane Protein of Unknown Function 
Vacuole membrane protein 1 (Vmp1) was first described as a 
gene highly expressed in the pancreas during acute pancreatitis.1,2 
Overexpression of this protein in cell culture induces intracellular 
vacuolization and cell death.1,3 These vacuoles were later character-
ized as autophagosomes, implicating Vmp1 as a novel autophagy 
protein.4,5 In a functional genomic RNA-interference screening in 
Drosophila, Vmp1 (known as TANGO-5) is identified as a protein 
required for conventional protein secretion and Golgi organization.6 
Another surprise comes from a study in kidney cancer cells where 
Vmp1 is localized in the plasma membrane and required in adhe-
sion.7 The study of the function of this new gene is complicated by 
the fact that no conserved functional motifs are present in its encoded 
sequence and no homologous genes exist in the fungal models, where 
most of the autophagy proteins have been studied. The amino acid 
sequence only indicates the presence of several putative transmem-
brane regions and an endoplasmic reticulum (ER) retention signal. 
Dictyostelium discoideum is a eukaryotic microorganism used as a 
model system for several cell biology processes including autophagy 
and non-apoptotic cell death.8-12 Functional genomics in yeast has 
proven very valuable to understand the basic function of new genes 
that later were found to be involved in human diseases. However, 
there are many genes present in the human genome that are absent 
in the yeast models. Fortunately, the Dictyostelium genome contains 
many of those genes, being the simplest model system that can be 
used to address their function.13,14 Some of these genes do not 
allow a prediction of their function due to the lack of character-
ized functional motifs. Vmp1, as explained above, complies with all 
these characteristics and was selected from a collection of mutants 
generated in Dictyostelium by our group.13,15 This is the first loss-
of-function mutation of Vmp1 analyzed in a model system and our 
studies reveal unexpected functions for this new protein beyond 
autophagy. 
Subcellular Localization of Vmp1 and its Functional 
Conservation
The coding sequence of Dictyostelium vmp1 (DDB0234044) 
is highly similar to other homologous genes in other species. 
Interestingly, it is absent in the fungi lineage but it is present in 
other protists, plants, and metazoa, suggesting that this gene was lost 
during fungi evolution (Fig.1). Remarkably, Dictyostelium Vmp1 is 
even more closely related to metazoan genes than to those of other 
simpler eukaryotes or plants. In order to ascertain the functional 
conservation of this family, we expressed a mammalian Vmp1 
protein in the Dictyostelium mutant. The expressed protein is able to 
complement the phenotype of the mutant and localizes in the same 
cellular compartment as the Dictyostelium protein, suggesting a func-
tional conservation during evolution. Both proteins localize in the 
endoplasmic reticulum (ER) and no colocalization is observed with 
endosomal or contractile vacuole markers. There is some evidence 
of similar localization in plants and Drosophila.6,16 However, Vmp1 
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it might function at the initial steps of the secretory pathway and 
consequently might have pleiotropic effects in other organelles. 
The rest of the phenotypes observed by the lack of Vmp1 might 
perfectly fit in the context of a secretory pathway defect including the 
apparent instability of the plasma membrane as described previously 
in other reports.20,21 
The autophagy defect in the Dictyostelium vmp1 mutant can 
also be seen in this context. We observe the accumulation of aber-
rant double-membrane structures in the mutant that is consistent 
with abnormal autophagic vesicles. The origin and the assembly of 
the autophagosome is not completely understood and it is conceiv-
able that the ER, as suggested by our results, might be required for 
the correct assembly or maturation of the phagosome, perhaps by 
supplying membrane components. Interestingly, a more direct effect 
in autophagosome formation has been described in mammalian cell 
culture. In this case Vmp1 is localized in autophagosomes where it 
interacts with Beclin 1, an essential autophagy protein.5 Whether 
or not Dictyostelium Vmp1 behaves in the same way remains to be 
determined. 
localization in mammalian cells is controversial and the protein has 
been described to be located in autophagosomes5 and the plasma 
membrane.7 We have never observed Dictyostelium Vmp1 in the 
plasma membrane but a possible localization in autophagosomes 
needs to be determined. 
Vmp1 Disruption in Dictyostelium, Autophagy and Much More
Disruption of Vmp1 in Dictyostelium leads to a severe pheno-
type that compromises many aspects of this organism’s life cycle as 
described in detail in our recent work.15 A summary of the defects 
and phenotypes are displayed in Table 1. The most dramatic conse-
quence is the inability of the mutant cells to cope with hypoosmotic 
stress. The membrane lysis observed in the mutant cells under 
hypoosmotic conditions occurs very rapidly. However, cell swelling 
is not as noticeable as expected (Fig. 2), suggesting an additional 
defect in membrane stability. Dictyostelium is a soil microorganism 
that has developed a tubulo-vesicular network of membranes known 
as the contractile vacuole (CV) that fills up and expels water to the 
exterior of the cell. Our analysis by transmission electron microscopy 
and specific CV markers shows a defect in the biogenesis of this 
organelle. 
It is well known that organelle biogenesis, including that of the 
CV system, is dependent on the secretory pathway. Membrane and 
protein components traffic from the endoplasmic reticulum and 
Golgi apparatus to their destinations in the different organelles and 
the plasma membrane.17-19 Since Vmp1 is an ER-resident protein, 
Figure 1. Phylogenetic relationships among Vmp1 proteins from different spe-
cies. The phylogenetic tree was constructed using Dawgram, a PHILIP rooted 
phylogenetic tree  available at Biology WorkBench (http://workbench.sdsc.
edu). The sequences used were: Dictyostelium discoideum, XP_638348; 
Xenopus tropicalis, NP_001007877; Gallus gallus, XP_415880; Rattus 
norvegicus, NP_620194; Homo sapiens, NP_112200; Caenorhabditis 
elegans, NP_499688; Drosophila melanogaster, NP_727444; Vitis vin-
ifera, CAO71145; Paramecium tetraurelia, XP_001432377; Oryza sati-
va, NP_001044428; Arabidopsis thaliana, AAM60984; Entamoeba 
dispar, XP_001735614; Chlamydomonas reinhardtii, XP_001696213; 
Trypanosoma cruzi, XP_815596; Plasmodium falciparum, XP_001348888; 
Leishmania infantum, XP_001470108. The highly divergent Entamoeba 
sequence was used as an outgroup. Figure 2. Cell lysis in vmp1 mutant. After a short exposure to water, wild 
type cells maintain their viability by expelling water through the CV (arrows). 
Mutant cells, in contrast, were round and showed no sign of CV activity. A 
large proportion of them lysed rapidly (asterisk) without a large increase in 
cell volume, suggesting the possibility of additional defects in the stability of 
the plasma membrane. 
Table 1 Summary of Vmp1-dependent phenotypes 
 in Dictyostelium 
Biological process Defect and phenotype
Osmoregulation  Contractile Vacuole biogenesis 
 Cell lysis in hypoosmotic conditions
Protein secretion AprA secretion during growth
Organelle organization Fragmentation of the ER 
 Fragmentation of the Golgi apparatus
Autophagy Aberrant autophagosome formation
Endocytic pathway Impaired macropinocytosis (lack of axenic 
 growth)
 Impaired exocytosis
Multicellular development Lack of aggregation 
 Impaired developmental gene expression
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Concluding Remarks and Future Perspective
The study of the basic function of new proteins with no character-
ized motifs is difficult and we must take advantage of any available 
experimental tool. Dictyostelium have taught us a few new important 
things to be considered about Vmp1 and the consequences of its 
loss-of-function. We have learned that Vmp1 can play an essential 
role from the ER, having an impact upon many different membrane 
traffic-dependent processes. However, many questions remain, such 
as what affects mammalian Vmp1 sub-cellular localization. Is Vmp1 
located in the phagosome or plasma membrane depending on the cell 
type studied and/or the cellular context? Is Vmp1 located in the ER 
in any cell type or situation in a similar way as seen in lower eukary-
otes such as Dictyostelium? What is the relationship between Vmp1 
localization and function? Our first glimpse into the function of this 
important conserved protein is intriguing and now the possibility to 
address its molecular function and its relevance in human disease is 
within reach. 
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